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(54) Title: TOOL FOR CONTROLLING THE MUTUAL ANGLE BETWEEN THE PARTS OF AN ARTIFICIAL HIP JOINT 
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^ (57) Abstract: A method for controlling the mutual angle between the parts of an artificial hip joint during an operation for insertion 
^ of the artificial hip joint, is described. The stem of the femoral hip prosthesis is fastened permanently or removable in the usual 
manner in the proximal end of the femur. A tool for controlling of the mutual angle between the stem of the prosthesis and the 
Q cup of the prosthesis is fastened to the stem. The femur of the patient is then oriented in a predefined position and the cup is then 
^ brought into its intended position by means of the femur of the patient and the mentioned tool. A tool for controlling the mutual 
^ angle between the parts of an artificial hip joint is also described. 
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TOOL FOR CONTROLLING THE MUTUAL ANGLE BETWEEN THE PARTS OF 
AN ARTIFICIAL HIP JOINT 

The present invention regards the area of orthopaedic surgery, and in particular a 
method of and devices for ensuring that prosthesis components are inserted correctly 
5 upon implantation of artificial hip joints into humans. In particular, the invention is 
directed at a method of and devices for ensuring the correct mutual positioning of the 
prosthesis components. 

An artificial hip joint has two main components; a prosthesis stem and a cup. One end 
10 of the prosthesis stem is provided either with a spherical ball head or a prosthesis neck 
on which can be placed a ball head, where the ball head is designed for a close, sliding 
fit in a spherical recess in the cup. Together, the prosthesis stem with the ball head and 
the cup will act as a ball joint to replace the natural ball joint. 

is The other end of the prosthesis stem comprises an elongated part designed to be 
attached to the hollow femoral canal in the patient's femur. 

The cup is designed to be attached to the cavity on the patient's pelvis. The 
hemispherical shaped recess in the cup is linked with an exterior surface designed to be 

20 attached to the pelvis, via a side face. The exterior surface may have various shapes, all 
according to the method of attachment to the pelvis and other choices made by the 
supplier. Several of the cups that are in use are shaped as an approximate hemisphere, 
where the outer hemispherical surface is designed to be cemented to the pelvis. The side 
face that connects the recess and the exterior surface may be flat or possibly inwardly 

25 sloping towards the recess, which is preferably approximately centred in the side face. 

The prosthesis stem and the cup may be fixed to the femur and the pelvis respectively 
by using cement, or through a cement-free force fit. The invention may be used with 
both fixation techniques. 

30 

When replacing a worn out hip with a prosthesis, the head of the femur is replaced. This 
is done by cutting the neck of the femur and hollowing out the top of the femoral canal 
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in order to make room for the elongated prosthesis stem that is either cemented into the 
hole or force fitted. 

The cavity on the pelvis is milled out to receive the cup, which is then fixed either by 
5 means of cement or a force fit. 

If the ball head is detachable, this is placed on the prosthesis stem before the ball head is 
placed in the cup, the joint is assembled by lifting the patient's leg up to a natural 
position and inserting the ball head in the recess in the cup, whereupon the incision is 
10 closed. 

Such a prosthesis should give the patient a mobility that approximates that which is 
provided by the natural joint. Moreover, it is important that a "natural" movement of the 
joint does not cause the patient to get in a situation where the leg ends up in positions 

15 where the neck of the prosthesis rides on the edge of the cup. This may cause luxation 
of the joint, where the head of the prosthesis jumps out of the cup. This happens through 
simple leverage. Luxation occurs in the case of between 3 and 10 % of all patients who 
have had a femoral prosthesis put in. If this happens, the patient must be anaesthetised 
before the joint is put back into place. Some patients must have a new operation. The 

20 risk of luxation is much greater in patients whose prosthesis components are assembled 
so as to have an incorrect mutual positioning, than in those where the mutual 
positioning of the components is correct. 

The inventor has previously shown that an optimum mutual relationship between the 
25 prosthesis stem and the cup under experimental conditions (not published) results in a 
reduced risk of luxation because the patient can go through the everyday natural range 
of motion (ROM) without the parts of the prosthesis ending up in such mutual 
positioning so as to entail a risk of luxation. 

30 The inventor has previously shown (not published) that the most adequate ROM is 
achieved by assembling both prosthesis components in a manner so as to give them a 
forward angle of about 15 degrees relative to the frontal plane of the body, while the 
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cup forms an angle of 45 degrees with the horizontal plane. In medical terminology, 
forward angling is termed anteversion. 

The inventor has also previously shown (not published) that even though the optimum is 
5 to have each of the components angled forwards at 1 5 degrees, the result is nearly as 
good if the sum of the forward angling of the two components is 30 degrees. Thus a 
prosthesis joint where the cup is angled forwards at 5 degrees and the prosthesis stem is 
angled forwards at 25 degrees will result in a ROM for the patient that is nearly as 
adequate as if both components were angled forward at 15 degrees, the sum of the 
io forward angling being 30 degrees is both cases 

Today there are no means available to ensure that the surgeon installs the prosthesis 
components with this correct mutual relationship. With today's methods therefore, this 
is done as judged by the eye. This judgement may be sufficient, especially for 

15 experienced surgeons who carry out a considerable number of this type of operation 
each year. It is estimated that 80% of all implantations of artificial hip joints are carried 
out by surgeons who do less than 20 of these every year. This number is not sufficient 
to get enough practice. It is therefore desirable to have a method and means that ensure 
a correct mutual positioning of the main parts of the prosthesis in order to reduce the 

20 possibility of errors, and thereby also reduce the risk of luxation with the resulting pain 
for the patient, and a possible second operation. 

The object of the present invention is to provide a method of ensuring the correct 
mutual positioning upon assembly of the prosthesis components. 

According to the inventor, this is achieved by a method of ensuring the desired mutual 
positioning of the main parts of an artificial hip joint, i.e. a prosthesis stem with a ball 
head and a cup with a recess for receiving the ball head, where the prosthesis stem or a 
temporary prosthesis stem is fixed permanently or removably to the femur in the normal 
30 manner, and the cup is placed on the pelvis, where a tool for checking the mutual angle 
between the prosthesis stem and the cup is placed on the prosthesis stem, that the femur 
in the leg that is undergoing surgery is then oriented in a pre-determined position, and 
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that the cup is placed in its final, desired position by means of the patient's femur with 
the prosthesis stem and the tool. 

If the cup is fixed with cement, it is preferable that the femur be kept in this position 
5 until the cement for fixing the cup has set sufficiently. 

In addition, it is an object of the present invention to provide means of ensuring that 
prosthesis components are assembled correctly in relation to each other. 

io This object is achieved by the provision of a tool for use during an operation for 

implantation of an artificial hip joint for controlling the mutual positioning of the main 
components in an artificial hip joint, i.e. a prosthesis stem with a neck in the patient's 
femur, and a cup in the patient's pelvic cavity, where a cutout and/or a bore has been 
formed in the tool, which cutout or bore is designed for engagement with a part of the 

is prosthesis stem and or the neck of the prosthesis, and the tool also comprises one or 
more legs or abutment surfaces designed to abut at least a part of that part of the cup 
that links the exterior of the cup with the recess in the cup. 

It is preferred that at least parts of the cutout or the bore are designed for non-rotating 
20 engagement with the prosthesis stem in order to prevent rotation of the tool relative to 
the prosthesis stem. 

It is also preferred that the cutout or the bore is designed for rotating engagement with 
the neck of the prosthesis, and that the tool further comprises a handle by which the tool 
25 can be rotated to the desired position. 

Furthermore it is preferred that it also comprises a guide head with a cutout or a bore 
designed to engage the neck of the prosthesis, and where the guide head matches the 
recess in the cup. 

30 

It is also preferred that the legs abutment surfaces that are designed to abut at least a 
part of that part of the cup that links the exterior of the cup with the recess in the cup, 
are an integrated part of the guide head. 
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It is further preferred that the legs or abutment surfaces that are designed to abut at least 
a part of that part of the cup that links the exterior of the cup with the recess in the cup, 
are removably mounted on the guide head. 



It is also preferred that the legs or abutment surfaces that are designed to abut at least a 
part of that part of the cup that links the exterior of the cup with the recess in the cup, 
are a collar with a diameter that is greater than that of the recess in the cup. 

10 According a preferred embodiment the collar is removably mounted on the guide head. 

Additionally it is preferred that the legs or the abutment surface are three or more legs 
designed to abut at least a part of that part of the cup that links the exterior of the cup 
with the recess in the cup. 

15 

It is also preferred that the legs may be withdrawn form abutment with the cup. 

Finally it is preferred that when the tool is used, use is made of a prosthesis stem 
temporarily provided in the patient's femur. 

20 

In the following, the invention will be described further with reference to the attached 
figures, in which: 

Figure 1 shows a preferred embodiment of the present tool set on the neck of a 
25 prosthesis on the prosthesis stem; 

Figure 2 shows the same embodiment as fig. 1, in which the cup has been put on 



5 



30 Figure 5 



Figure 6 
Figure 7 



Figure 3 
Figure 4 



the tool; 

shows the same tool as fig. 1, seen from below; 
shows the same tool as fig. 1, partly disassembled; 
shows an alternative embodiment; 
shows an alternative tool according to the invention; 
shows the tool of fig. 7 set on the prosthesis stem; and 
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Figure 8 shows an alternative embodiment of the present tool, where the tools 
parts are disassembled. 



Example 1. 

5 Here, a first preferred embodiment of the present tool is used. For the most part, the 
operation is performed in the usual manner, apart from the fact that the present tool is 
used during positioning and fixing of the cup. 

A typical artificial hip joint comprises a prosthesis stem 1 with an elongated part at one 
io end for fixing to the femur, and a neck 2 designed to receive a ball head 3. The ball head 
3, which is spherical, has a bore that is dimensioned so as to receive the neck 2 of the 
prosthesis. The ball head 3 is also designed for a close, sliding fit in a recess in the other 
main part of the femoral prosthesis, the cup 4. Prostheses are also available in which the 
ball head 3 is rigidly mounted on the prosthesis stem 1, or the prosthesis stem 1 and the 
15 ball head 3 are formed as one piece. 

The exterior surface of the cup 4 is designed to be cemented or otherwise fixed to the 
pelvis, while the part that links the exterior surface with the recess is normally a side 
face 13 that faces away from the pelvis after assembly. 

20 

The embodiment of the tool shown in figures 1 - 4 comprises three main components; a 
guide head comprising a hemispherical part that matches the recess in the cup 4, and an 
approximate neck 6 on which a collar 7 may be placed, the inner diameter of the collar 
corresponding to the outer diameter of the neck 6, and the outer diameter of the collar 
25 being greater than the diameter of the guide head 5. In addition, there is a bore 12 in the 
neck 6 of the guide head, which bore is matched to the neck 2 of the prosthesis stem 1 . 

The third component of the tool is a handle 8 with two guide rods 9 designed to be put 
through guide holes 10, 1 1 in the collar 7 and the neck 6 that are provided for this 
30 purpose, in order to lock these together when assembling the prosthesis. 
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When the tool has been assembled and the guide ball 5 is put into the recess in the cup 
4, the collar 7 will rest against the side face 13 of the cup and thereby define the angle 
between the neck of the prosthesis and the cup. 

5 The surgeon first mounts the prosthesis stem in the normal manner and fixes it in the 
final position in the femoral cavity, possibly by means of cement. Then the present tool 
is mounted on the neck 2 of the prosthesis, and the tool is used as an inserter, to force 
the cup 4 into the pelvic cavity, in a position that results in the desired total anteversion, 
preferably about 30 degrees. 

10 

The angles of the guide holes 10, 1 1 and the collar 7 is preferably defined in such a way 
relative to each other that, when orienting the tool for definition of the angle between 
the cup and the prosthesis stem, the tool is set so as to make the guide holes 10, 1 1 
approximately normal on the coronal plane of the patient. The guide rods may be pulled 

is out by use of the handle when the surgeon is satisfied with the positioning of the 

prosthesis components. By this means the collar 7 will move away from the cup, while 
the head remains in place in the cup. As the contact surface between the head and the 
cup is spherical, the prosthesis stem will not transfer small movements of the leg to the 
cup while the cement is hardening. Any movement of the cup in the hardening period 

20 will cause a weakening of the cement. 

By using a cup for a force fit, the method will be more or less equal to that which is 
described above. Instead of holding the leg in a given position until the cement hardens, 
it is here necessary to keep the leg in the desired position until the cup has been forced 
25 partly or all the way into place. If the cup is forced partly into place while the leg is kept 
in the desired position, the final fixing must be carried out after the guide head has been 
removed and the joint has been luxated. 

In the embodiment shown in figures 1-4, the collar 7 is a ring. In an alternative tool, 
30 illustrated in figures 5 and 6, the collar 7 is open, so as to make it possible to extract it 
fully from the area of surgery, to avoid it being left hanging around the neck of the 
prosthesis stem while the cement is hardening. 
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Furthermore, on the tool shown in figures 5 and 6, the guide ball is extended by an 
extension 14 that encompasses the upper part of the prosthesis stem. The sides of this 
upper part are flat, so as to prevent the guide ball 6 and the collar 7 from rotating about 
the neck of the prosthesis stem. Thus it will not be necessary to use a handle 8 for 
5 controlling these as mentioned above. In this embodiment the guide rods 9 are replaced 
either by separate guide rods or a bow 15 running through the collar 7 and the guide 
head 6. 

The tool as described may be made from various materials, such as plastic or metal. A 
10 simpler tool than the one described may be a tool in which the collar 7 and the guide 
head 6 is an integrated unit. 

The guide head is shown as an approximate hemisphere with a flattened top. This 
flattening makes it easier to assemble the prosthesis under the above described 
15 procedure, however it is not necessary for the invention. It is also not necessary for the 
guide ball to be hemispherical. The important thing is for it to be designed to engage the 
recess in the cup without any play. In order to avoid touching the edges of the cup when 
inserting the guide head into the recess, and thereby moving the cup, the guide head 
may as an example be cone shaped, as indicated by the broken lines in figure 5. 

20 

Example 2 

Figures 7 and 8 show another preferred embodiment of the present tool. This tool 
comprises a body 20 with a cutout 21 designed to engage a corresponding and pre- 
existing groove 22 in the prosthesis stem 1 . Three legs 23 project from the body, which 
25 legs are designed to abut the part of the ball that lies between the exterior surface and 
the recess, i.e. side face 13. 

The illustrated tool is also designed to partly enclose the head 3 of the prosthesis, so as 
to make the head 3 stay on the prosthesis stem 2 during implementation of a method 
30 that is essentially like the one described in example 1 above, for definition of the mutual 
angle between the prosthesis stem and the cup. This device may therefor also be used on 
a prosthesis stem with a fixed head. 
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It may be preferable to provide in this tool means such as a screw that may be used to 
ensure that the tool does not fall off the prosthesis stem during an operation. 

In addition to the embodiments shown, other embodiments of the present tool may also 
5 be envisaged, by which the same object is achieved in an analogous manner. As an 
example, a tool may be envisaged that is attached to the prosthesis stem in the same 
manner as that described in example 2, where the tool has e.g. three legs designed to be 
temporarily attached to the cup, without making use of a separate guide head or possibly 
the ball head of the prosthesis in order to ensure the correct mutual positioning of the 
io prosthesis stem and the cup. 

Example 3 

Figure 8 shows an additional embodiment of the present tool. This embodiment might 
be regarded as a variation of the tool illustrated in figures 6 and 7, where the tool 
15 comprises more parts that may be disassembled. 

The tool according to this embodiment comprises an outer part 30 and a inner part 31 
with legs 32, and a locking plate 33. 

20 When the tool is assembled the inner part will be situated stable in a cavity or a cutout 
in the outer part 30. The inner part 3 1 and the outer part 30 is kept together by means of 
a locking plate 33 that in the illustrated embodiment is placed between the top of the 
inner part and a rim 38 of the outer part 30. The locking plate 33, however, might have 
another shape and may lock the inner and outer parts together in other ways known by 
the skilled man in the art. As an example the rim 38 may be replaced by a number of 
tongues or by a groove in the outer part 30. The locking plate may also be replaced by 
locking pins that is inserted into bores through both the outer and inner parts. 

When the tool is assembled the legs 32 will protrude out of bores 37 in the outer part 30. 
The legs 32 at the inner part 31 do usually have different length according to the desired 
angle between the prosthesis stem 1 and the cup 4. Preferably the legs 32 are slightly 
conical so that the play between the legs 32 and the bores 37 is as small as possible at 
the same time as the tools are to be easy to take apart. 
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The tool will keep the angle between the prosthesis stem 1 and the cup 4 fixed when the 
tool and a artificial hip prosthesis is assembled, as a cutout 34, 35, 36 in the outer part 
30, the inner part 31 and the locking plate, respectively, is engaged with the prosthesis 
stem 1, e.g. with the groove 22 as illustrated in fig. 8, to hold on and prevent rotation of 
5 the tool, and keep sure that the legs 32 bear against the side face 13 of the cup 4. 

The procedure during the operation is as described in the previous examples. To prevent 
that small movement in the femur of the patient during the hardening of the cement, it is 
as mentioned above, advantageous to terminate the locking after the cup 4 is in the right 
10 position. The locking plate is then removed form the tool. The inner part 31 will then 
slide back so that no forces are transferred from prosthesis stem 1 to the cup 4 during 
the tome for hardening of the cement. If required a spring or the like might be provided 
to make sure that the inner part glides back when the locking plate is removed. 

15 The illustrated tool has four legs but the number of legs may differ. Such a tool must 
have at least three legs 32. A number of legs greater than four as illustrated will add to 
the complexity and the cost of production without giving any advantages. 
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Claims 
1. 

A method of ensuring the desired mutual positioning of the main components of a 
5 femoral prosthesis, i.e. a prosthesis stem with a ball head and a cup with a recess for 
receipt of the ball head, in which the prosthesis stem or a temporary prosthesis stem is 
attached permanently or removably to the femur in the normal manner, and the cup is 
placed on the pelvis, characterised'in that a tool is 
placed on the implanted prosthesis stem for controlling the mutual angle between the 
io prosthesis stem and the cup, that the femur that is undergoing surgery is then oriented in 
a pre-determined position, and that the cup is placed in its final desired position by 
means of the patient's femur with the prosthesis stem and the tool. 

2. 

15 A method according to Claim 1, characterised in that 
the femur is kept in this position until the cement for fixing the cup has hardened 
sufficiently. 

3. 

20 A tool for use during an operation for implantation of a femoral prosthesis for 

controlling the mutual positioning of the main components in a femoral prosthesis, i.e. a 
prosthesis stem (1) with a neck (2) in the patient's femur, and a cup (4) in the patient's 
pelvic cavity, characterised in that a cutout (12, 14, 21) 
and/or a bore (12, 14) has been formed in the tool, which cutout or bore is designed for 

25 engagement with a part of the prosthesis stem (1) and or the neck (2) of the prosthesis, 
and the tool also comprises one or more legs (23) or abutment surfaces (16, 24) 
designed to abut at least a part of that part of the cup (4) that links the exterior of the 
cup with the recess in the cup. 

30 4. 

Tool according to Claim 3, characterised in that at least 
parts of the cutout (12, 14, 21) or the bore (12, 14, 21) are designed for non-rotating 
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engagement with the prosthesis stem (1) in order to prevent rotation of the tool relative 
to the prosthesis stem (1). 



5. 

5 A tool according to Claim 3, characterised in that the 
cutout (12, 14, 21) or the bore (12, 14, 21) is designed for rotating engagement with the 
neck (2) of the prosthesis, and that the tool further comprises a handle (8) by which the 
tool can be rotated to the desired position. 

10 6. 

A tool according to any one of the claims 3 to 5, characterised 
i n that it also comprises a guide head (6) with a cutout or a bore (12, 14) designed to 
engage the neck (2) of the prosthesis, and where the guide head (6) matches the recess 
in the cup (4). 

15 

7. 

A tool according to any one of the claims 3 to 6, characterised 
i n that the legs (23) abutment surfaces (7) that are designed to abut at least a part of 
that part of the cup (4) that links the exterior of the cup with the recess in the cup, are an 
20 integrated part of the guide head (6). 



8. 

A tool according to any one of claims 3 to 6, characterised 
i n that the legs (23) or abutment surfaces (7) that are designed to abut at least a part 
25 of that part of the cup (4) that links the exterior of the cup with the recess in the cup, are 
removably mounted on the guide head (6). 

9. 

A tool according one or more of claims 3 to 8, characterised 
30 i n that the legs (23) or abutment surfaces (7) that are designed to abut at least a part 
of that part of the cup (4) that links the exterior of the cup with the hollow in the cup, 
are a collar (7) with a diameter that is greater than that of the hollow in the cup (4). 



WO 01/19296 PCT/NO00/00299 

13 

10. 

A tool according to claim 9, characterised in that the 
collar (7) is removably mounted on the guide head (6). 



5 11. 

A tool according to claim 3, characterised in that the 
legs (23, 32) or the abutment surface (7) are three or more legs (23, 32) designed to abut 
at least a part of that part of the cup (4) that links the exterior 'of the cup with the recess 
in the cup. 

o 

12. 

A tool according to claim 11, characterised in that the legs (32) may be 
retracted from abutment with the cup (4). 



15 13. 

A tool according to any of the preceding claims, characterised 
i n that when the tool is used, use is made of a prosthesis stem temporarily provided 
in the patient's femur. 
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